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Introduction 


Bowen,  Donnell 


The  objective  of  this  proposal  is  designed:  1)  to  improve  the  quality  of  life  by  exploiting 
differences  in  the  biochemical  pharmacology  of  methotrxate  (MTX)  in  human  MCF-7  and 
MDA-MB-436  breast  cancer  cells  and  human  bone  marrow  (Hs  824.T)  cells  and  2)  to  provide 
one  clear  basis  for  intracellular  protection  of  only  susceptible  host  cells  from  MTX  toxicity  when 
high-dose  MTX  is  used  in  combination  with  a  priming-and  non-toxic  dose  of  S-fluorouracil  (5- 
FU).  A  significant  aspect  of  MTX  selectivity  should  be  the  preferential  build  up  and  retention  of 
MTX-polyglutamyl  forms  in  susceptible  breast  cancer  cells  as  compared  to  host  cells  such  as 
bone  marrow.  By  conserving  cellular  reduced-folates  with  5-FU,  there  should  be  sufficient 
intracellular  levels  of  reduced-folates  to  protect  normal  cells  against  MTX,  but  insufficient 
reduced-folate  levels  to  protect  cancer  cells  against  depletion  of  tetrahydrofolate/reduced-folates 
by  both  MTX  and  MTX-polyglutamates  (MTXPGs).  To  further  assess  the  role  of  a  priming  and 
non-toxic  dose  of  5-FU  and  polyglutamation  in  selectivity,  the  non-polyglutamyl  antifolate 
trimetrexate  (TMQ)  was  used  in  combination  with  5-FU.  A  comparison  of  priming-  nontoxic  5- 
FU  plus  MTX  and  priming-nontoxic  5-FU  plm  TMQ  on  the  hematopoietic  system,  bone 
marrow,  and  MCF-7  and  MDA-MB-436  breast  cancer  was  used  to  evaluate  selectivity  and 
toxicity. 

Body 

The  in  vitro  and  in  vivo  studies  suggest  that  high-dose  MTX  in  combination  with  5-FU  is 
independent  of  sequence  in  MCF-7  breast  cancer  cells,  but  sequence-dependent  in  human  bone 
marrow  and  mouse  platelet  cells.  Hence,  a  priming-and  nontoxic  dose  of  5-FU  provides  a  means 
whereby  high-dose  MTX  may  be  administered  with  selectivity  to  human  breast  cancer,  i.e.,  5- 
FU  protects  human  bone  marrow  from  MTX  toxicity,  but  has  no  protective  effect  on  MTX 
cytotoxicity  in  human  breast  cancer  cells  (see  appended  publication  in  Anticancer  Research  19: 
985-988, 1999). 

Trimetrexate  (TMQ)  is  a  non-classical,  lipophilic,  non-polyglutamyl  antifolate  which  enters  cells 
via  passive  diffusion  and  binds  tightly  to  dihydrofolate  reductase  (DHFR).  TMQ  in  combination 
with  5-FU  can  result  in  synergistic,  additive,  or  antagonistic  effects  on  tumor  growth  inhibition 
and  cytotoxicity  based  on  sequence  and  timing  of  drug  exposure.  The  myelosuppresive  effect  of 
TMQ  and  5-FU  limits  their  use.  A  similar  approach  to  MTX  and  5-FU  could  be  used  for  TMQ 
and  5-FU.  Hence,  in  vitro  studies  with  human  MCF-7  breast  cancer  cells  and  human  Hs  824.T 
bone  marrow  cells  suggest  that  (a)  TMQ  and  5-FU  combinations  on  the  growdi  of  MCF-7  breast 
cancer  cells  are  independent  of  sequence  of  administration  and  best  related  to  TMQ  and  (b)  a 
priming-  and  nontoxic  5-FU  dose  protects  against  TMQ  toxicity  in  human  bone  marrow  while 
not  affecting  the  maximum  inhibitory  effect  of  TMQ  in  breast  cancer  (see  appended  publication 
in  Anticancer  Research  19: 3837-3840, 1999). 

To  further  investigate  the  basis  of  differential  effects  of  MTX  in  human  breast  cancer  and  bone 
marrow  cells,  (a)  the  effects  of  high  concentrations  of  MTX  in  combination  with  a  nontoxic 
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concentration  of  5-FU  were  determined  in  die  metastatic  MDA-MB-436  human  adenocarcinoma 
breast  cancer  cells  and  (b)  a  comparison  of  the  nonclassical  antifolate  TMQ  and  MTX  in 
combination  with  5-FU  was  determined  both  in  breast  and  bone  marrow  cells.  Key  differences 
between  MTX  and  TMQ  metabolism  suggest  that  parameters  for  maximal  inhibition  by  MTX 
and  TMQ  would  be  different  in  MDA-MB-436  breast  cancer  cells  but  similar  in  Hs  824.T  bone 
marrow.  TMQ  is  not  polyglutamated,  whereas  MTX  undergoes  polyglutamation  and  interacts 
with  enzymatic  sites  other  than  DHFR.  The  comparison  of  TMQ  and  MTX  alone  or  in 
combination  with  5-FU  provide ,  indirectly,  information  on  the  role  of  MTX  polyglutamates  in 
selectivity  and  5-FU  protection  in  human  breast  cancer  and  bone  marrow.  The  above  studies 
also  suggest  that  the  maximal  achievable  MTX  concentration  appears  to  be  100  micro  molar, 
where  the  threshold  level  for  maximum  inhibition  in  breast  cancer  is  10  micro  molar.  (See 
publication  in  Cancer  Detection  and  Prevention  24  (5):  453-459, 2000;  Galley  attached.) 

As  a  result  of  studying  the  importance  of  sequencing  MTX  with  other  agents  to  treat  breast 
cancer  and  the  emergence  of  tamoxifen  (TAM)  as  a  chemopreventive  agent  in  breast  cancer 
treatment,  a  new  study  is  underway  which  shows  the  antagonistic  and  an  synergistic  interactions 
of  MTX  and  TAM  in  human  MCF-7  breast  cancer  cells  ( see  appended  publication  Anticancer 
Research  20: 1415-1418, 2000  ). 

Key  Research  Accomplishments 

#  MTX  and  5-FU  combination  on  the  growth  of  human  MCF-7  breast  cancer  cells  is 
independent  of  sequence 

#  A  priming  and  nontoxic  dose  of  5-FU  will  protect  bone  marrow  from  MTX  cytotoxicity  but 
not  breast  cancer  cells 

#  A  priming  and  nontoxic  dose  of  5-FU  and  MTX  may  have  maximum  antineoplastic  activity 
while  at  the  same  time  provide  protection  to  the  hematopoietic  system 

#  TMQ,  the  nonclassical  antifolate,  and  5-FU  combinations  on  the  growth  of  MCF-7  cells  are 
independent  of  sequence  of  administration  and  best  related  to  TMQ 

#  A  priming  and  nontoxic  5-FU  dose  protects  against  TMQ  toxicity  in  human  bone  marrow  in 
culture  while  not  affecting  the  maximum  inhibitory  effect  of  TMQ  in  breast  cancer 

#  The  maximal  achievable  MTX  concentration  in  MDA-MB-436  breast  cells  is  100  micro 
molar 

#  A  priming  and  nontoxic  concentration  of  5-FU  provided  protection  in  bone  marrow  cells 
^^ilere  the  MTX  concentration  is  10  times  that  required  for  leucovorin  rescue 
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#  Similar  effects  of  TMQ  and  MTX  in  bone  marrow  cells  suggest  that  they  interact  with  the 
same  target  site,  and  MTX  polyglutamates  play  no  significant  role  in  bone  marrow 

•  A  comparison  of  TMQ  and  MTX  revealed  that  MTX  cytotoxicity  exceeds  that  of  TMQ  by 
more  than  20%  in  MDA-MB-436  breast  cancer  cells 

Reportable  Outcomes 

Manuscripts: 

Anticancer  Research  19:  985-988, 1999 
Anticancer  Research  19:  3837-3840,  1999 
Anticancer  Research  20:  1415-1418,  2000 
Cancer  Detection  and  Prevention  24:  453-459, 2000 

Presentation(s): 

ERA  of  Hope  Proceedings  Vol.  H:  701, 2000 

Fxmding  Applied  for  Based  Upon  Work  Supported  by  This  Award: 

DOD  (2000)  “  Enhanced  Agonistic  and  Antagonistic  Interactions  of  Tamoxifen,  Methotrexate, 
and  5-Fluorouracil:  A  Basis  for  Increased  Antineoplastic  Activity  and  Protection  of  Bone 
Marrow 

Conclusions 

The  assumption  that  there  is  a  lack  of  efficacy  of  regimens  in  which  MTX  follows  5-FU  may  not 
be  valid.  The  therapeutic  effect  and  the  quality  of  life  may  even  enhanced  when  using  regimens 
in  which  high-dose  MTX  follows  a  priming  and  nontoxic  5-FU  dose.  Biomodulation  only 
occurs  in  bone  marrow  and  not  in  breast  cancer  when  5-FU  precedes  a  high-concentration  of 
MTX.  The  difference  in  biomodulation  in  bone  marrow  and  cancer  cells  may  result  fi'om 
conservation  of  reduced  folates  and  formation  of  MTX-polyglutamates.  The  lack  of  protection 
against  MTX  cytotoxicity  in  breast  cancer  cells  may  be  the  result  of  the  levels  of  reduced-folates 
necessary  to  prevent  the  inhibitory  actions  of  MTX  and  MTX-polyglutamates.  Bone  marrow 
forms  little  or  no  MTX-polyglutamates  when  exposed  to  MTX,  and,  therefore,  certain  folate- 
requiring  enzymes  are  not  inhibited  due  to  the  absence  or  very  low  levels  of  MTX- 
polyglutamates. 

To  address  the  problem  that  differential  effects  observed  in  this  study  may  be  attributed  to  MTX- 
polyglutamates,  a  comparison  of  the  nonpolyglutamated  antifolate  TMQ  and  MTX  revealed  that 
a  priming  and  nontoxic  5-FU  dose  protected  significantly  against  significantly  the  cytotoxicity  of 
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TMQ  and  MTX.  It  is  noteworthy  that  the  effects  of  TMQ  and  MTX  alone  or  in  combination 
with  5-FU  are  similar  in  bone  marrow.  Computer  analyses  from  this  laboratory  indicate  that  the 
TMQ  complex  with  dihydrofolate  reductase  is  equally  stable  to  MTX  but  less  stable  than  MTX- 
triglutamate. 

Finally,  these  studies  raise  a  new  element  in  the  potential  of  high-dose  MTX  in  the  treatment  of 
breast  cancer  when  preceded  by  nontoxic  5-FU.  If  it  is  true  that  MTX  behaves  as  two  different 
drugs  in  breast  cancer  and  as  a  single  agent  in  bone  marrow,  the  following  may  be  predicted 
from  our  data:  5-FU  before  MTX  should  be  more  efficacious  than  MTX  before  5-FU, 
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5-Fluorouracil  Simultaneously  Maintains  Methotrexate 
Antineoplastic  Activity  in  Human  Breast  Cancer  and  Protects 
against  Methotrexate  Cytotoxicity  in  Human  Bone  Marrow* 

DONNELL  B0WEN\  DONNA  H.  J0HNS0N\  WILLIAM  M.  SOUTHERLAND^  DORIS  E.  HUGHES^ 

and  MORRIS  HAWKINS,  JR.'^ 

Department  of  Phamtacology^  Biochemistry^,  Microbiology‘s,  and  Veterinary  Clinical  Laboratory^, 

Howard  University  College  of  Medicine,  Washington,  D.C.  20059,  USA. 


Abstract.  High-dose  methotrexate  (MTX)  cytotoxicity  is 
maintained  in  MCF-7  breast  cancer  cells  but  reduced  in 
Hs824.T  human  bone  marrow  by  a  priming  and  nontoxic  5- 
fluorouracil  (5-FU)  dose.  When  MCF-7  breast  or  Hs824.T  bone 
marrow  cells  are  incubated  with  10  jiM  5-FU  and  lOfiM  MTX 
for  48h,  the  growth  rates  of  breast  cancer  cells  were  97.59  ±  0.97 
%  and  21.81  ±  3.33  %  of  the  control  rate,  respectively,  and  the 
growth  rates  of  bone  marrow  cells  were  90.61  ±  3.71  %  and 
29.58  ±  2.99  %  of  the  control  rate.  The  combinations  of  5-FU 
2h  prior  to  MTX  or  MTX  2h  prior  to  5-FU  followed  by  a  48h 
incubation,  respectively,  gave  growth  rates  of  20.96  ±  2.44  % 
and  19.86  ±  2.56  %  of  the  control  rate  for  MCF-7  cells.  In  bone 
marrow  cells,  the  combinations  of  5-FU  2h  prior  to  MTX  or 
MTX  2h  prior  to  5-FU  followed  by  a  48h  incubation, 
respectively,  gave  growth  rates  of  79.66  ±  7.41  %  (protection) 
and  31.39  ±1.77%  of  the  control  rate.  Similiar  patterns  to  bone 
marrow  emerges  in  platelets.  These  studies  suggest  that:  a)  MTX 
and  5-FU  combination  on  the  growth  of  human  MCF-7  breast 
cancer  cells  is  independent  of  sequence;  and  b)  a  priming-dose 
of  5-FU  will  protect  bone  marrow  from  MTX  cytotoxicity  but  not 
breast  cancer  cells.  Therefore,  a  priming  and  non-toxic  dose  of  5- 
FU  and  MTX  may  have  maximum  antineoplastic  activity  while 
at  the  same  time  provide  protection  to  the  hematopoietic  system. 

Recently,  the  National  Institutes  of  Health  (NIH)  convened 
Consensus  Development  Conferences  on  Adjuvant  Therapy 
of  Breast  Cancer  reached  several  conclusions  regarding  the 
use  of  adjuvant  therapy  which  included  the  administration  of 
methotrexate  (MTX)  and  5-fluorouracil  (5-FU).  One 
conclusion  is  that  maximum  tolerated  doses  should  be  used  to 
the  degree  possible  since  dose  reduction  can  compromise 

^Supported  by:  USAMRMC  Grant  DAMD 17-96- 1-6291 

Correspondence  to:  Dr.  Donnell  Bowen,  Department  of 
Pharmacology,  College  of  Medicine,  Howard  University,  520  W 
Street,  NW,  Washington,  DC  20059,  USA. 

Key  Words:  5-Fluorouracil,  high-dose  methotrexate,  breast 
cancer  and  bone  marrow  cells. 


efficacy.  However,  an  increased  dose  often  increases  toxicity. 
Dose  reductions  of  adjuvant  chemotherapy  containing  MTX 
and  5-FU  are  modified  for  thrombocytopenia  and  leukopenia. 
Major  problems  in  the  use  of  MTX  and  5-FU  are  a)  the  lack 
of  selectivity  between  diseased  and  normal  cells  and  b) 
equitoxicity  of  sequential  MTX  and  5-FU  in  tumor  and 
hematopoietic  stem  cells. 

The  combination  of  MTX  and  5-FU  has  been  the  subject  of 
detailed  investigations  (1,2),  but  key  differences  in  MTX  and 
5-FU  pharmacokinetics  in  tumor  and  hematopoietic  cells  (3- 
6)  suggested  that  the  parameters  for  optimal  effectiveness  (5- 
FU  given  prior  to  MTX)  would  not  necessarily  be  identical  in 
cancer  and  normal  cells.  Previous  studies  from  this  laboratory 
have  illustrated  that  fluoropyrimidine  antagonism  to  MTX 
was  reversed  in  a  dose-dependent  manner  by  MTX  (7).  In 
vivo  studies  from  this  laboratory  demonstrated  that  high-dose 
MTX  produced  no  lethality  or  gastrointestinal  toxicity  (8)  in 
animals  given  a  priming  bolus  dose  of  5-FU.  The  in  vitro  and 
in  vivo  studies  suggest  that  high-dose  MTX  in  combination 
with  5-FU  is  independent  of  sequence  in  cancer  cells,  but 
sequence-dependent  in  hematopoietic  cells.  We  now  report 
preliminary  results  that  a  priming-and  nontoxic  dose  of  5-FU 
provides  a  means  whereby  high-  dose  MTX  may  be 
administered  with  selectivity  to  human  breast  cancer,  Le.,  5- 
FU  protects  human  bone  marrow  from  MTX  toxicity,  but  has 
no  protective  effect  on  MTX  cytotoxicity  in  human  breast 
cancer  cells. 

Materials  and  Methods 

MTX,  5-FU,  Dulbecco’ s  modified  Eagles  medium  (DMEM)  containing 
100  units/ml  penicillin,  100  mg  streptomycin  and  10  pg/ml  insulin,  10  % 
fetal  calf  serum,  and  1.0  pM  sodium  pyruvate  were  purchased  from 
Sigma  Chemical  Company,  St.  Louis,  MO,  U.S.A.  An  early-passage 
human  MCF-7  breast  cancer  cell  line  and  human  bone  marrow  (Hs 
824.T)  from  American  Type  Culture  Collection,  Manassas,  VA,  U.S.A. 
were  used  for  these  studies.  The  cells  were  grown  as  a  continuous 
monolayer  in  75  cm^  plastic  tissue  culture  flasks  in  DMEM.  For  each  of 
the  experimental  points,  1  x  lO"^  MCF-7  and  1  x  10^  Hs  824.T  cells, 
respectively,  were  plated  onto  25  cm^  plastic  tissue  culture  flasks 
contalmng:  MTX,  5-FU,  5-FU  2  hours  (2h)  prior  to  MTX  exposure  [5- 
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Figure  1.  Sequence  independence  of  methotrexate  (MTX)  and  5-fluorouracil  (5-FU)  administration  on  the  proliferation  of  human  MCF-7  breast  cancer 
cells.  MCF-7  cells  were  exposed  to  10  pM  MTX  and  5-FU  alone,  MTX  2h  prior  to  5-FU  [MTX  (2h)  +  5-FU],  5-FU  2k prior  to  MTX  [5-FU  (2h )  +  MTX] 
(at  the  atrow),  and  no  drugs.  Cells  were  then  incubated  for  48h,  harvested,  and  counted.  The  symbols  represent  the  mean  ±the  standard  eiror  of  three 
different  experiments  and  the  inset  represents  the  percentage  of  control  growth  rate  for  each  dr  treatment. 


Treatment 

Figure  2.  The  effect  of  methotrexate  (MTX)  and  5-fluorouracil  (5-FU)  alone  and  in  combination  on  the  proliferation  of  human  bone  marrow.  Hs824.T 
human  bone  manvw  cells  were  incubated  with  10  pM  MTX  or  10  pM  5-FU  alone  or  in  combination  (5-FU  2h  prior  to  MTX  and  MTX  prior  to  5-FU)  for 
48h.  Similar  inhibitory  effects  of  MTX,  and  MTX  (2h)  +  5-FU  exist  on  cell  number,  but  a  dissimilar  (protective)  effect  occurs  with  5-FU  (2h)  +  MTX  (at 
the  airow).  The  symbols  represent  the  mean  ±  the  standard  error  of  three  different  experiments  and  the  inset  represents  the  percentage  of  the  control  gfvwth 
rate  for  each  drug  treatment. 
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Figure  3.  The  effect  of  methotrexate  (MTX)  and  5-fluorouracil  (5-FU)  alone  or  in  combination  on  mouse  platelet  counts.  Platelet  measurements  were 
determined  on  4  mice  from  each  treatment  group;  all  values  represent  the  mean  ±  the  standard  eiror  of  the  mean.  Protective  effects  occurs  with  5-FU  (2h)  + 
MTX  (at  the  arrow)  when  compared  to  MTX  (2h)  5-FU  and  MTX  alone. 


FU  (2h)  +  MTX],  MTX  (2h)  +  5-FU,  and  no  drugs  (control).  The  doses 
of  5-FU  and  MTX,  respectively,  were  lOpM.  After  48h  incubation  in  a 
humidified  atmosphere  of  5%  CO2,  the  monolayers  were  washed  with 
phosphate  buffered  saline,  and  cells  were  separated  from  the 
monolayers  with  2  ml  of  0.25%  trypsin-EDTA.  The  density  of  cells  were 
determined  by  microscopic  counting  of  trypan  blue  treated  cells  in  a 
hemacytometer. 

Male  CF-  1  mice  weighing  18-26  g  (age  4-6  weeks)  were  obtained 
from  Charles  River  Breeding  Laboratories,  Wilmington,  MA,  U.S.A. 
Upon  arrival,  mice  were  randomized  and  quarantined  for  at  least  one 
week.  Solutions  of  MTX  (245  mg/kg)  and  5-FU  (25  mg/kg)  were 
prepared  immediately  before  use  in  0.9%  NaCl  and  given  as  a  single  i.p. 
injection  either  alone  or  in  combination.  0.9%  NaCl  was  administered  as 
the  control.  Animals  surviving  3-14  days  after  MTX  and/or  5-FU 
treatment  were  anesthetized  and  blood  was  collected  by  cardiac 
puncture  in  tubes  containing  EDTA  for  platelet  determination.  Platelet 
determinations  were  done  on  a  Model  ZB  1  Coulter  Counter. 

Results  and  Discussion 

Selective  effects  of  a  priming-and  nontoxic  dose  of  5-FU  on 
high-dose  MTX  cytotoxicity.  Logarithmically  growing  MCF-7 
breast  cancer  and  Hs  824.T  bone  marrow  cells,  respectively, 
were  exposed  to  5-FU  and  MTX  alone  and  in  combination. 
The  total  time  of  exposure  to  MTX  and  5-FU  was  48  h. 
Figures  1  and  2,  respectively,  illustrate  the  effects  of  a)  high- 
dose  MTX  and  the  independence  of  MTX  and  5-FU 
sequence  of  administration  on  the  growth  of  MCF-7  breast 
cancer  cells  (Figure  1)  and  b)  high-dose  MTX,  the 
dependence  of  MTX  and  5-FU  sequence  of  administration 
on  bone  marrow  growth,  and  the  protective  effect  of  a 
priming-and  nontoxic  5-FU  dose  on  bone  marrow  (Figure  2). 


In  breast  cancer  cells,  similar  inhibitory  effects  of  MTX,  5-FU 
(2h)  -b  MTX  (at  the  arrow),  and  MTX  (2h)  +  5-FU  exist  on 
cell  number.  In  bone  marrow,  similar  inhibitory  effects  of 
MTX,  and  MTX  (2h)  -I-  5-FU  exist  on  cell  number,  but  a 
dissimilar  (protective)  effect  occurs  with  5-FU  (2h)  -b  MTX 
(at  the  arrow).  The  inset  of  Figure  1  shows  that  MTX  as  a 
single  agent  gave  a  growth  rate  of  21.81  ±  3.33  %  of  the 
control  rate.  The  combinations  of  5-FU  (2h)  -b  MTX  and 
MTX  (2h)  +  5-FU,  respectively,  gave  growth  rates  of  20.96  ± 
2.44  %  and  19.86  ±  2.56  %  of  the  control  rates.  (A  priming- 
and  nontoxic  dose  of  5-FU  has  no  effect  on  growth;  its  rate  is 
97.59  ±  0.97  %  of  the  control.)  In  bone  marrow,  the  inset  of 
Figure  2  shows  that  the  growth  rate  of  MTX  and  MTX  (2h)  -b 
5-FU  are  29.58  ±  2.99  %  and  31.39  1.77  %  of  control  rates, 
respectively,  while  5-FU  (2h)  -b  MTX  rate  is  79.66  ±  7.41  % 
of  the  control  (a  protective  effect  of  a  priming-and  nontoxic 
dose  of  5-FU).  A  similar  pattern  to  bone  marrow  emerges  in 
peripheral  blood  cells  in  vivo  (Figure  3).  Thrombocytopenia 
occurs  with  MTX  and  MTX  (2h)  -b  5-FU,  but  5-FU 
protection  occurs  in  the  5-FU  (2h)  +  MTX  regimen. 

These  results  suggest  that  the  incidence  and  the  severity  of 
MTX  (2h)  +  5-FU  and  5-FU  (2h)  -b  MTX  cytotoxicity  in 
breast  cancer  cells  are  best  related  to  MTX  rather  than  5-FU 
(since  5-FU  had  no  effect  which  differed  from  control  and 
sequential  MTX  and  5-FU  had  no  effect  which  differed  from 
MTX  alone).  However,  5-FU  administered  prior  to  MTX 
modulated  MTX  toxicity  in  bone  marrow  and  platelets.  The 
selective  cytotoxic  effect  of  MTX  in  breast  cancer  may  result 
from  the  formation  of  MTX-polyglutamates  (MTXPGs)  (4) 
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and  the  inability  of  5-FU  to  prevent  the  inhibitory  effects  of 
MTX  and  MTXPGs.  MTXPGs  synthesis  increases  with 
increases  in  drug  concentration.  In  human  breast  cancer  cells, 
formation  of  MTXPGs  occurs  at  a  concentration  of  2  \iM 
MTX  (4)  —  a  concentration  1/5  th  of  that  used  in  this  study. 
The  formation  of  MTXPGs  allows  for  the  inhibition  of 
dihydrofolate  reductase,  thymidylate  synthase,  and  inhibition 
of  other  folate-requiring  enzymes  not  affected  directly  by 
MTX  (such  as  aminoimidazolecarboxamide  ribonucleotide 
and  formylglycinamide  ribonucleotide  transformylases  (9)). 
Whereas,  bone  marrow  and/or  peripheral  blood  cells  form 
little  or  no  MTXPGs  when  exposed  to  MTX  (5,10);  and, 
therefore,  certain  folate-requiring  enzymes  will  not  be 
inhibited  due  to  the  absence  or  very  low  levels  of  MTXPGs. 
Hence,  sequence  dependency  in  bone  marrow  and  platelets 
may  best  be  related  to  5-FU  conserving  reduced-folates  to 
protect  against  the  direct  effects  of  MTX. 

By  preventing  the  oxidation  of  5,10-methylenetetrahy- 
drofolate  (meTHF),  5-FU  can  conserve  reduced-folates  by 
altering  the  meTHF/DHF  (dihydrofolate)  ratio.  Studies  by 
Matthews  and  Baugh  (11)  indicate  that  regulation  of  the 
meTHF/DHF  ratio  might  be  of  physiological  importance  in 
regulating  the  partitioning  of  meTHF  into  the  competing 
pathways  of  dTMP  biosynthesis  and  the  regeneration  of 
methionine  from  homocysteine.  An  increase  in  the 
meTHF/DHF  ratio  by  5-FU  will  spare,  a)  meTHF  for 
reduction  to  5-methyl  tetrahydrofolate  (m-  THF)  and  b)  m- 
THF  for  methionine  and  purine  biosynthesis.  Further,  a 
diminution  in  DHF  levels  by  a  priming-and  nontoxic  5-FU 
dose  will  decrease  DHF  inhibition  of  m-THF  reductase  (11) 
and  allows  for  the  continuance  of  THF  production  and  purine 
and  methionine  biosynthesis. 

Modulation  of  MTX  cytotoxicity  by  5-FU  will  only  be  of 
clinical  use  if  it  is  more  selective  against  breast  cancer  cells 
than  hematopoietic  cells.  Preclinical  studies  demonstrate  that 
synergistic  cytotoxicity  occurs  when  MTX  administration 
precedes  5-FU;  however,  it  may  not  result  in  an  increase  in 
therapeutic  index  since  toxicity  to  normal  cells  may  occur  in  a 
similar  synergistic  manner.  Based  on  similar  inhibitory  effects 
of  5-FU  +  MTX,  MTX  -h  5-FU,  and  MTX  in  MCF-7  breast 


cancer  cells,  sequential  5-FU  +  MTX  appears  to  provide  a 
cytotoxic  advantage  against  breast  cancer  cells  since 
hematopoietic  cells  are  protected  by  5-FU  MTX. 
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Selectivity  in  Human  Breast  Cancer  and  Human  Bone  Marrow 
Using  Trimetrexate  in  Combination  with  5-Fluorouracil* 
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Abstract.  The  growth  inhibitory  effect  of  trimetrexate  (TMQ) 
is  maintained  in  MCF-7  breast  cancer  but  is  decreased  in  Hs 
824.  T  human  bone  marrow  cells  by  a  priming-  and  non-toxic 
5-fluorouracil  (5-FU)  dose.  Incubation  of  MCF-7  breast  cells 
with  10  fiM  TMQ  alone  or  in  combination  with  10  M  5-FU 
(TMQ  2h  prior  to  5-FU  [TMQI5-FU]  or  5-FU  2h  prior  to 
TMQ[5-FUITMQ])  resulted  in  similar  inhibitory  effects  but 
dissimilar  effects  occurred  in  Hs  824.  T  bone  marrow.  In  breast 
cancer,  the  percentage  differences  among  TMQ  and  TMQI5- 
FU,  TMQ  and  5-FUITMQ,  and  TMQI5-FU  and  5-FUITMQ 
on  growth  rates,  respectively,  were  3.56  %,  2.35  %,  and  1.68 
%.  The  percentage  differences  on  growth  rates  of  TMQ  and 
TMQI5-FU,  TMQ  and  5-FUITMQ,  and  TMQI5-FU  and  5- 
FUITMQ  in  bone  marrow,  respectively,  were  5.76%,  30.03% 
(significant  protection  by  5-FU,  i.e.  the  inhibitory  effect  of  5- 
FUITMQ  <  TMQ),  and  35.78  %  (sequence  dependent).  The 
growth  rates  of  breast  cancer  and  bone  marrow  cells  in  the 
presence  of  5-FU  were  96.03  ±  1.17  %  and  94.59  ±  1.15  %, 
respectively,  of  control  rates.  These  studies  suggest  that 
(a)TMQ  and  5-FU  combinations  on  the  growth  of  MCF-7 
breast  cancer  cells  are  independent  of  sequence  of  admini¬ 
stration  and  best  related  to  TMQ  and  (b)  a  priming-  and  non¬ 
toxic  5-FU  dose  protects  against  TMQ  toxicity  in  human  bone 
marrow  while  not  affecting  the  maximum  inhibitory  effect  of 
TMQ  in  breast  cancer. 

Trimetrexate  (TMQ)  is  a  non-classical,  lipophilic,  non- 
polyglutamyl  antifolate  which  enters  cells  via  passive 
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diffusion  (1,2)  and  binds  tightly  to  dihydrofolate  reductase 
(DHFR)  (3,4).  As  a  result  of  these  properties,  TMQ  is 
effective  against  methotrexate  (MTX)  resistant  cells  by 
virtue  of  impaired  transport  and  an  increase  in  DHFR  (5). 
In  the  clinic,  TMQ  has  produced  encouraging  results  (6-8). 
TMQ  in  combination  with  5-fluorouracil  (5-FU)  can  result 
in  synergistic,  additive,  or  antagonistic  effects  on  tumor 
growth  inhibition  and  cytotoxicity  based  on  sequence  and 
timing  of  drug  exposure  (9,  10).  While  synergistic 
interactions  lead  to  improved  antineoplastic  effects,  these 
interactions  also  enhance  drug  toxicity.  The  myelo- 
suppressive  effect  of  TMQ  and  5-FU  limits  their  use  (11, 
12).  Recent  preclinical  and  clinical  studies  (13,  14)  have 
demonstrated  that  a  priming  and  non-toxic  dose  of  5-FU 
protected  bone  marrow  from  high-dose  MTX.  The 
preclinical  studies  (13)  showed  that  while  5-FU  protected 
human  bone  marrow,  there  was  no  protective  effect  on 
MTX  cytotoxicity  in  human  breast  cancer  cells.  These 
studies  (13)  suggest  a  similar  approach  could  be  used  for 
TMQ  and  5-FU  and  provide  a  means  for  increasing  the 
therapeutic  utility  of  TMQ  in  the  treatment  of  breast 
cancer.  We  now  report  on  (a)  the  independence  of  TMQ 
and  5-FU  combination  on  sequence  of  administration  in  a 
human  breast  cancer  line  and  (b)  the  importance  of 
sequential  TMQ  and  5-FU  in  protecting  human  bone 
marrow  from  TMQ  cytotoxicity. 


Materials  and  Methods 

Trimetrexate  glucuronate  was  obtained  from  U.S.  Bioscience,  Inc., 
West  Conshohocken,  PA,  U.S.A.  5-FU  and  Dulbecco’s  modified 
Eagles  medium  (DMEM)  containing  100  units  /  ml  penicillin,  100  mg 
streptomycin  and  10  pg  /  ml  insulin,  10%  fetal  calf  serum,  and  1.0  tiM 
sodium  pyruvate  were  purchased  from  Sigma  Chemical  Co.,  St.  L  ouis, 
MO,  U.S.A.  An  early  passage  of  the  MCF-7  breast  cancer  line  and 
human  bone  marrow  (Hs  824.T)  from  American  Type  Culture 
Collection,  Manassas,  VA,  U.S.A.  were  used  for  these  studies.  The 
cells  were  grown  as  a  continuous  monolayer  in  75  cm  plastic  tissue 
culture  flasks  in  DMEM.  For  each  of  the  experimental  points,  1  x  lO"^ 
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Figure  1.  Nonsequential  effects  of  trimetrexate  (TMQ)  and  5-fluorouracil  (5-FU)  combinations  on  the  proliferation  of  human  MCF-7  breast  cancer  cells, 
MCF-7  cells  were  exposed  to  JO  pM  TMQ  and  10  pM  5-FU  alone  or  in  the  following  combinations:  TMQ  2h  prior  to  5-FU  (TMQ  /  5-FU)  atid  5.-FU.  2h 
pnor  to  TMQ  (5-FU  /  TMQ)  [at  the  arrow].  Cells  were  then  incubated  for  48h.  Similar  inhibitory  effects  on  cell  proliferation  exist  for  TMQ,  TMQ  /  5-FU 
and  5-FU  /  TMQ.  The  symbols  represent  the  mean  ±  the  standard  error  of  three  different  experiments  and  the  inset  represents  the  percentage  of  control 
ff'owth  rate  for  each  dmg  treatment. 


MCF-7  and  1  x  10“^  Hs  824.T  cells,  respectively,  were  plated  onto  25 
cm^  plastic  tissue  culture  flasks  containing:  TMQ,  5-FU,  TMQ  2  hours 
prior  to  5-FU  exposure  (TMQ/5-FU),  5-FU  2  hours  prior  to  TMQ 
exposure  (5-FU/TMQ),  and  no  drugs  (control).  The  doses  of  TMQ 
and  5-FU,  respectively,  were  10  pM.  After  a  48h  incubation  in  a 
humidified  atmosphere  of  5%  CO2,  the  monolayers  were  washed  with 
phosphate-buffered  saline,  and  cells  were  separated  from  the 
monolayer  with  2  ml  of  0.25  %  trypan-EDTA.  The  density  of  cells  was 
determined  by  microscopic  counting  of  trypan  blue  treated  cells  in  a 
hemacytometer. 

Results  and  Discussion 

Selectivity  of  a  priming-and  non-toxic  dose  of  5-FU  and  TMQ. 
Figures  1  and  2,  respectively,  illustrate  the  effects  of  (a) 
TMQ  alone  and  the  independence  of  TMQ  and  5-FU 
sequence  of  administration  on  the  growth  of  MCF-7  breast 
cancer  cells  (Figure  1)  and  (b)  TMQ  alone,  the  dependence 
of  TMQ  and  5-FU  sequence  of  administration  on  Hs  824,T 
bone  marrow  growth,  and  the  protective  effect  of  a  priming- 
and  nontoxic  5-FU  dose  on  bone  marrow  (Figure  2).  In 
breast  cancer  cells,  similar  inhibitory  effects  of  TMQ, 
TMQ/5-FU,  and  5-FU/  TMQ  (at  the  arrow)  exist  on  cell 
number.  In  bone  marrow,  similar  inhibitory  effects  of  TMQ, 
and  TMQ/5-FU  exist  on  cell  number,  but  a  dissimilar 


(protective)  effect  occurs  with  5-FU/TMQ  (at  the  arrow). 
The  inset  of  Figures  1  and  2  show  the  percentage  of  control 
growth  rates  for  TMQ  alone,  TMQ/5-FU,  5-FU/TMQ,  and 
5-FU  alone.  A  priming-and  nontoxic  dose  of  5-FU  has  no 
effect  on  growth  rates;  its  rate  is  96.03  ±  1.17  %  and  94.59 
±  1.15  %  of  control  rates,  respectively,  in  breast  cells  and 
bone  marrow.  The  percentage  differences  among  TMQ  and 
TMQ/5-FU,  TMQ  and  5-FU/TMQ,  and  TMQ/5-FU  and  5- 
FU/TMQ  on  the  growth  rates  of  MCF-7  breast  cancer  cells, 
respectively,  are  3.56  %,  2.35  %,  and  1.68  %.  In  bone 
marrow  cells  (Figure  2;  inset),  the  differences  among  TMQ 
and  TMQ/5-FU,  TMQ  and  5-FU/TMQ,  and  TMQ/5-FU 
and  5-FU/TMQ  on  growth  rates,  respectively,  are  5.76  %, 
30.03%  (significant  protection,  i.e:  5-FU/TMQ  is  less 
inhibitory  than  TMQ),  and  35.78  %  (sequence  dependent). 

These  results  suggest  that  the  incidence  and  the  severity 
of  TMQ/  5-FU  and  5-FU/TMQ  cytotoxicity  in  breast  cancer 
cells  are  best  related  to  TMQ  rather  than  5-FU  (since  5-FU 
had  no  effect  which  differed  from  control  and  sequential 
TMQ  and  5-FU  had  no  effect  which  differed  from  TMQ 
alone).  However,  5-FU  given  before  TMQ  modulated  TMQ 
cytotoxicity  in  bone  marrow.  This  study  raises  a  new 
element  in  the  potential  for  dihydrofolate  (DHF) 
polyglutamates  to  influence  the  selective  effects  of  a 
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Figure  2.  Sequential  effects  of  trimetrexate  (TMQ)  and  5-fluorouracil  (5-FU)  combinations  on  the  proliferation  of  human  bone  marrow  cells.  Hs  824.T 
human  bone  matrow  cells  were  incubated  with  10  pM  TMQ  and  10  pM  5-FU  alone  or  in  combination  (TMQ  2h  prior  to  5-FU  [TMQ  /  5-FU]  or  5-FU  2h 
prior  to  TMQ  [5-FU  I  TMQ])  for  48h.  Similar  inhibitoiy  effects  on  cell  proliferatiion  exist  for  TMQ  alone  and  TMQ  I  5-FU,  but  a  dissimilar  effect 
(significant  protection)  occurs  with  5-FU  /  TMQ  (at  the  atrow).  The  symbols  represent  the  mean  ±  the  standard  error  of  three  different  experiments  and  the 
inset  represents  the  percentage  of  control  growth  rate  for  each  drug  treatment. 


priming-and  nontoxic  5-FU  dose  and  TMQ.  The  selective 
effect  of  TMQ  in  breast  cancer  may  result  from  the 
formation  of  DHF  polyglutamates  and  feedback  inhibition 
of  thymidylate  synthase  and  aminoimidazolecarboxamide 
(AICAR)  transformylase  by  DHF-polyglutamates  (15,16). 
Whereas  in  bone  marrow,  little  or  no  DHF-polyglutamates 
form  when  exposed  to  TMQ;  and,  therefore,  feedback 
inhibition  on  thymidylate  synthase  and  AICAR  trans¬ 
formylase  will  be  insignificant.  Hence,  sequence 
dependency  in  bone  marrow  may  best  be  related  to  5-FU 
conserving  reduced-folates  to  protect  against  the  direct 
effects  of  TMQ. 

By  preventing  the  oxidation  of  5,10-methylenete- 
trahydrofolate  (meTHF),  5-FU  can  conserve  reduced- 
folates  by  changing  the  meTHF/DHF  ratio.  Studies  by 
Matthews  and  Baugh  (17)  indicate  that  regulation  of  the 
meTHF/DHF  ratio  might  be  of  physiological  importance  in 
regulating  the  partitioning  of  meTHF  into  the  competing 
pathways  of  dTMP  biosynthesis  and  the  regeneration  of 
methionine  from  homocysteine.  An  increase  in  the 
meTHF/DHF  ratio  by  5-FU  will  spare  (a)  meTHF  for 
reduction  to  5-methyltetrahydrofolate  (m-THF)  and  (b)  m- 
THF  for  methionine  and  purine  biosynthesis.  Further,  a 
priming-and  nontoxic  5-FU  dose  diminishes  DHF  levels 


and,  therefore,  decreases  DHF  inhibition  of  m-THF 
reductase  (17)  and  allows  for -the  production  of  THF. 

In  conclusion,  a  priming-and  nontoxic  5-FU  dose  is 
effective  in  protecting  bone  marrow  from  TMQ  toxicity  but 
not  breast  cancer;  and,  therefore,  5-FU  may  provide  a 
means  for  increasing  the  therapeutic  utility  of  TMQ  in 
breast  cancer. 
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Abstract.  High-dose  methotrexate  (MTX)  cytotoxicity  is 
decreased  in  MCF-7  breast  cancer  cells  when  the  chemo- 
endocrine  agent  tamoxifen  (TAM)  is  given  to  cells  24  hours 
prior  to  MTX  (early  TAM).  However,  when  breast  cancer  cells 
are  exposed  to  TAM  24  hours  after  MTX  (delayed  TAM), 
MTX  cytotoxicity  is  enhanced  by  TAM.  The  growth  of  cells 
exposed  to  10  pM  TAM  and  10  pM  MTX  alone  or  in 
combination  with  early  TAM  plus  MTX  had  the  following 
order:  TAM  >  TAM  (early)  +  MTX  >  MTX.  The 
percentages  of  control  rates  for  TAM,  MTX,  and  TAM  (early) 
+  MTX  are  74.71  ±  1.36  %,  22.13  ±  2.76%,  and  38.17  ± 
2.75  %,  respectively.  The  inhibitory  sequence  from  cells 
exposed  to  MTX  +  TAM  (delayed  TAM),  MTX  and  TAM 
alone  is  MTX  +  TAM  (delayed  TAM)  >  MTX  >  TAM;  and 
the  percentages  of  control  rates  were  16.87  87  %  (MTX  + 
TAM  [delayed  TAM]),  25.92  ±  2.14  %  (MTX),  and  54.08  ± 
14.79  %  (TAM).  These  studies  suggest  that:  (a)  the 
interactions  between  TAM  and  MTX  are  sequence-dependent; 
(b)  TAM  antagonizes  the  effect  of  MTX  when  TAM 
administration  precedes  MTX;  and  (c)  TAM  enhances  the 
effect  of  MTX  when  TAM  administration  follows  MTX. 

Tamoxifen  (TAM)  an  antiestrogen  is  widely  used  in  the 
treatment  of  breast  cancer  and  recently  was  evaluated  in  large 
clinical  trials  as  a  preventative  agent  for  breast  cancer  (1-  4). 
Approximately  two-thirds  of  breast  cancer  patients  have 
estrogen -receptor  positive  tumors,  only  half  respond  to  TAM 
treatment.  In  those  cases  where  preventative  TAM  treatment 
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fails  or  there’  s  a  recurrence  of  breast  cancer  after  TAM 
therapy,  the  subsequent  use  of  chemotherapy  may  be 
compromised. 

It  is  important  to  examine  whether  TAM  alone  has  ever 
been  superior  or  equivalent  to  chemotherapy  and  whether 
TAM  in  addition  to  chemotherapy  is  of  additive  benefit.  The 
Steering  Committee  on  Clinical  Practice  Guidelines  for  the 
Care  and  Treatment  of  Breast  Cancer  (5)  made  the  following 
recommendations:  1)  Tamoxifen  should  not  be  recommended 
as  the  sole  treatment  for  premenopausal  women  with  node¬ 
positive  tumors.  2)  Acceptable  treatment  regimens  are  those 
using  methotrexate,  5-fluorouracil  and  cyclophosphamide.  3) 
Routine  use  of  TAM  after  chemotherapy  in  premenopausal 
women  can  not  yet  be  recommended.  4)  Women  with 
estrogen  receptor-positive  tumors  may  gain  a  small  additional 
benefit  from  taking  chemotherapy  in  addition  to  TAM,  5)  No 
recommendations  about  high-dose  chemotherapy  can  yet  be 
made. 

Methotrexate,  a  classical  antifolate,  is  used  in  a  variety  of 
chemotherapeutic  combinations  in  the  treatment  of  solid 
tumors  (6,7).  The  combination  of  methotrexate  (MTX)  and 
TAM  represents  a  reasonable  therapeutic  strategy  for  the 
treatment  of  breast  cancer,  in  which  both  drugs  are  active, 
and  since  their  mechanisms  of  action  and  clinical  toxicity  are 
different.  The  effects  of  exposure  to  TAM  and  high-dose 
methotrexate  (MTX)  in  various  sequences  were  studied  in 
human  breast  cancer  cells  with  estrogen-positive  receptors  to 
determine  an  optimal  sequence. 

Materials  and  Methods 

Tamoxifen  citrate,  methotrexate,  and  Dulbecco’s  modified  Eagles 
medium  (DMEM)  containing  100  units  /  ml  penicillin,  100  mg  strepto¬ 
mycin  and  10  pg/ml  insulin,  1%  fetal  calf  serum,  and  1.0  pM  sodium 
pyruvate  were  purchased  from  sigma  Chemical  Co.,  St.  Louis,  MO, 
U.S.A.  An  early  passage  of  the  MCF-7  breast  cancer  line  from  American 
Type  Culture  Collection,  Manassas,  VA,  U.S.A.  was  used  for  these 
studies.  The  ceils  were  grown  as  a  continuous  monolayer  in  75  cm 
plastic  tissue  culture  flasks  in  DMEM.  For  each  experimental  point,  1  x 
lO"^  were  plated  into  25  cm^  tissue  plastic  culture  flasks  containing:  1) 
TAM,  MTX,  and  TAM  24  hours  prior  to  MTX  or  2)  TAM,  MTX,  and 
MTX  24  hours  prior  to  TAM.  Controls  consisted  of  no  drugs.  The  doses 
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Figure  1.  The  interaction  between  early  tamoxifen  (TAM)  and  methotrexate 
(MTX).  Cells  were  exposed  to  TAM  24h  prior  to  the  administration  ofMTX 
(TAM/MTX),  MTX  and  TAM  alone.  The  total  incubation  time  and  the 
concentrations  of  drugs,  respectively,  were  48h  and  10  pM.  The  inset 
represents  the  percentages  of  control  for  TAM,  MTX,  and  TAM/MTX.  The 
results  are  reported  as  the  mean  ±  standard  error  of  three  experiments  done 
on  different  days. 


of  TAM  and  MTX,  respectively,  were  10  \iM.  After  a  24h  incubati’on  for 
treated  and  non-treated  cells,  in  a  humidified  atmosphere  of  5%  CO2, 
the  monolayer  were  washed  with  phosphate-buffered  saline,  and  cells 
were  separated  from  the  monolayer  with  2  ml  of  0.25%  trypsin-EDTA. 
The  density  of  the  cells  was  determined  by  microscopic  counting  of 
trypan  blue  treated  cells  in  a  hemacytometer. 


Results  and  Discussion 

Interactions  between  TAM  and  MTX.  Figure  1  illustrates  the 
effects  of  TAM,  MTX,  and  the  dependence  of  TAM  and 
MTX  sequence  of  administration  on  the  growth  of  MCF-7 
breast  cancer  cells.  The  greatest  inhibitory  effect  is  that  due 
to  MTX.  The  inhibitory  effect  on  the  growth  of  cancer  cells  is 
MTX  >  early  TAM  plus  MTX  >  TAM.  The  inset  to  Figure  1 
shows  the  percentage  of  control  rates  for  MTX,  TAM,  and 
TAM  preceding  MTX.  TAM  and  MTX  alone  gave  growth 
rates  of  74.71  ±  1.36  %  and  22.13  ±  2.76  %  of  the  control 
rates,  respectively.  The  combination  of  TAM  and  MTX  gave 
a  growth  rate  of  38.17  ±  2.75  %  of  the  control  rates  (an 
antagonistic  interaction).  Figure  2  illustrates  the  effects  of 
TAM,  MTX,  or  MTX  and  delayed  TAM  on  the  growth  of 
MCF-7  breast  cancer  cells.  The  greatest  inhibitory  effect  is 
now  due  to  MTX  and  delayed  TAM.  Hence,  the  inhibitory 
effect  on  the  growth  of  cancer  cells  is  MTX  plus  delayed 
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Figure  2.  The  interaction  between  delayed  tamoxifen  (TAM)  and 
methotrexate  (MTX).  MCF-7  cells  were  exposed  to  TAM  24h  after  MTX 
(MTX/TAM),  MTX  and  TAM  alone.  The  total  incubation  time  was  48h 
and  the  concentrations  of  TAM  and  MTX,  respectively,  were  10  pM.  The 
inset  represents  the  percentages  of  control  for  TAM,  MTX,  and  MTX/TAM. 
The  results  are  reported  as  the  mean  ±  standard  enor  of  three  experiments 
performed  on  different  days. 


TAM  >  MTX  >  TAM.  The  inset  to  Figure  2  indicates  that 
the  percentage  of  control  rates  is  16.87  ±  1.78  %  (MTX  and 
delayed  TAM),  25.92  ±  2.14  %  (MTX),  and  54.08  ±  14.79  % 
(TAM).  Thus,  TAM  enhances  the  effect  of  MTX  when  TAM 
is  administered  24h  after  MTX,  but  antagonizes  the  MTX 
effect  when  it  (TAM)  is  given  24h  before  MTX. 

These  results  suggest  that  a  strong  sequence-dependent 
interaction  exists  between  TAM  and  MTX  in  MCF-7  breast 
cancer  cells.  Sequential  24-hour  exposure  to  TAM  followed 
by  MTX  led  to  antagonism  of  the  MTX  effect  since  the 
inhibitory  action  of  MTX  alone  was  greater  than  TAM.  The 
opposite  sequence  was  associated  with  an  enhanced  cytotoxic 
effect  (again  the  effect  of  MTX  alone  on  growth  rate  was 
greater  than  TAM).  A  plausible  explanation  for  the  sequence- 
dependent  effects  of  TAM  and  MTX  stem  from  their  actions 
on  the  cell-cycle.  The  timing  of  S  phase  agents  such  as  MTX 
and  an  agent  that  affects  cells  in  G1  such  as  TAM  (8)  is 
hypothesized  to  be  important.  When  MCF-7  cells  are  arrested 
at  G1  by  TAM  first,  fewer  cells  will  progress  to  the  S  phase 
which  will  result  in  a  decrease  in  the  effect  of  MTX  (a  S  phase 
specific  agent).  An  enhanced  MTX  effect  may  come  from 
inhibition  of  the  growth  rate  in  S  phase  first  by  MTX  and  a 
subsequent  inhibition  in  growth  is  an  arrest  of  cells  in  G1  by 
TAM.'  Regulated  changes  in  the  activity  of  cell  cycle 
components  that  act  within  G1  have  been  closely  associated 
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with  alterations  in  the  proliferation  rate  of  transformed 
mammary  epithelial  and  normal  cells  (9).  Cyclins  are  key 
components  of  the  cell  cycle  progression  machinery.  They 
activate  cyclin-dependent  kinases  (CDKs)  and  possibly  target 
them  to  respective  proteins  within  the  cell.  One  of  the  key 
endogenous  substrates  of  the  G1  CDKs  is  the  retinoblastoma 
protein  (Rb).  Its  phosphorylation  is  an  important  step  in  the 
transition  between  the  G,  and  S  phases  of  the  cell  cycle;  when 
phosphorylated,  Rb  releases  a  transcription  factor  of  the  E2F 
family  that  drives  cells  into  S  phase  (10  ).  Hence,  TAM  may 
interfere  in  part  with  the  transition  between  G,  and  S  phases 
and  a  release  of  an  E2F  transcription  factor  thereby 
decreasing  the  activity  of  MTX. 

Finally,  this  study  provides  information  for  a  rational 
alternative  to  empiric  designs  for  combination  chemotherapy 
involving  potential  antagonism  or  possible  synergism. 
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ABSTRACT:  The  cytotoxicity  of  higix-dose  methotrexate  (MIX),  10  and  100  pM,  and  5-fiuorouraca  {5-FU) 
combinations  are  independent  of  sequence  in  human  MDA-MB-436  breast  carcinoma  cells.  The  srowth 
inhibitory  effects  of  10  and  100  iiM  MTX  are  22.54  ±  1.56%  and  16.20  ±  0.74%,  respectively,  of  the  control 
rate.  When  the  MTX  and  5-FU  concentrations  are  10  jiM,  antiproliferative  effects  of  MTX  hr  before  5-FU 
(MTX/5-FU)  and  5-FU  2  h  before  MTX  (5-FU/MTX)  are  25. 17  ±  i.23%  and  25.60  ±  1.28%  of  the  control  rate, 
respectively.  The  percentage  of  control  rates  for  5-FU  alone  is  94.89  r  135%.  The  growth  rates  of  MDA-MB- 
436  cells  in  100  \iM  MTX  and  10  pM  5-FU  are  15.19  ±  0.62%  (MTX/5-FU)  and  16.53  ±  0.85%  (5-FU/MTX)  of 
the  control  rate.  Hie  growth  of  cancer  cells  in  die  presence  of  5-FU  alone  is  93.82  ±  1.69%  of  the  control  rate. 
<AU  #3> 

KEY  WORDS;  high-dose  methotrexate,  5-fluorouracil,  human  breast  cancer,  bone  marrow. 


INTRODUCTION 

The  combination  of  methotrexate  (MTX)  and  5- 
fluorouracil  (5-FU)  has  been  the  subject  of  detailed 
investigations.^"”^  Several  conclusions  regarding  the 
use  of  chemotherapy,  which  included  MTX  and  5- 
FU,  were  reached  by  the  National  Institutes  of  Health 
(NIH)  convened  Consensus  Development  Confer¬ 
ences  on  Adjuvant  Therapy  of  Breast  Cancer.  One 
conclusion  is  that  maximum  tolerated  doses  should 
be  used  to  the  degree  possible,  because  dose  reduc¬ 
tion  can  compromise  efficacy.  Dose  reductions  in  the 
use  of  MTX  and  5-FU  are  modified  for  bone  marrow 
suppression. 

Phase  I  clinical  studies^*"^  based  on  preclinical 
studies  from  this  laboratory^'^  showed  that  5-FU  pro¬ 
tected  against  MTX  toxicity  when  MTX  concentra¬ 
tions  were  five  to  six  times  the  reported  lethal  dose  7 
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Perhaps  the  efficacy  of  the  MTX/5-FU  combination 
could  be  improved  if  a  priming  and  nontoxic  dose  of 
5-FU  is  administered  with  high-dose  MTX  (5- 
FU/MTX)  iastead  of  MTX  administration  before  5- 
FU  (MrX/5-FU).  (Syneigism  results  when  MTX  Is 
given  before  5-FU,*  but  synergism  occurs  not  only  in 
cancer  cells  but  also  in  normal  cells.)  Some  recent 
studies^  from  this  laboratory  suggested  that  5-FU  in 
combination  with  high-dose  MTX  is  independent  of 
sequence  in  human  MCF-7  breast  cancer  ceils,  but 
sequence  dependent  and  protective  in  bone  marrow; 
that  is,  a  priming-and  nontoxic  5-FU  dose  signifi¬ 
cantly  prevented  MTX  toxicity  to  bone  marrow,  while 
not  altering  the  toxicity  to  breast  cancer.  To  further 
investigate  the  basis  for  the  differential  effects  of 
MTX  in  human  breast  cancer  and  bone  marrow  cells. 
(I)  the  effects  of  high  concentrations  of  MTX  in  com¬ 
bination  with  a  nontoxic  concentration  of  5-FU  were 
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detennined  in  the  metastatic  MDA-MB-436  human 
adenocarcinoma  breast  cancer  cells,  and  (2)  a  compar¬ 
ison  of  the  nonclassical  antifolate  trimetrexate  (TMQ) 
and  MTX  in  combination  with  5-FU  was  determined 
both  in  breast  and  bone  marrow  cells  and  reported  in 
this  paper. 

Like  MTX,  file  cellular  target  for  TMQ  is  dihy¬ 
drofolate  reductase  (DHFR)  to  which  it  binds 
tightly.*®-^*  However,  key  differences  between  MTX 
and  TMQ  metabolism  suggest  that  parameters  for  ' 
maximal  inhibition  ly  MTX  and  TMQ  would  be  dif¬ 
ferent  in  breast  cells  but  similar  in  bone  marrow. 
TMQ  is  not  poiyglutamated,  whereas  MTX  undergoes 
polyglutamation  amd  interacts  with  enzymatic 
sites  other  than  DHFR.  The  comparison  of  TMQ 
and  MTX  alone  or  in  combination  with  5-FU  may 
provide  information  on  the  role  of  MTX  polygluta¬ 
mates  in  selectivity  and  5-FU  protection  in  human 
breast  cancer  and  bone  marrow. 

MATERIALS  AND  METHODS 

Chemicais,  Ceifs,  and  Ceil  Culture 
Conditions 

MTX,  5-FU,  Leibovitz's  L-15  medium  and  Dul- 
becco’s  modified  Eagle’s  medium  (DMEM)  were  pur¬ 
chased  from  Sigma  Chemical  Company  (St.  Louis). 
Trimetrexate  glucuronate  was  obtained  from  U.S. 
Bioscience,  Inc.  (West  Conshohocken,  PA).  An  early 
passage  of  the  human  MDA-MB-436  breast  cancer 
line  and  human  Hs  824.T  bone  marrow  line  from 
American  Type  Culture  Collection  (Manassas,  'VA) 
was  u.sed  for  these  studies.  Breast  cancer  cells  were 
grown  in  Leibovitz’s  L-15  medium  containing  10 
|tg/ml  in.sulin,  16  pgfrnl  glutathione,  and  10%  fetal 
bovine  serum.  Bone  marrow  cells  were  grown  in 
DMEM  containing  10%  fetal  bovine  calf  serum,  100 
units/ml  of  penicillin,  100  mg  of  streptomycin,  10 
|j,g/ml  of  insulin,  and  1.0  |iM  sodium  pyruvate.  The 
cells  were  grown  as  a  continuous  monolayer  in  75 
cm^  plastic  tissue  culture  flasks  in  Leibovitz’s  L-15 
medium  for  MDA-MB-436  cells  and  DMEM  for  Hs 
824.T  bone  marrow  cells.  For  each  experimental 
point,  1  X  10**  breast  cancer  cells  and  1  x  10'*  bone 
marrow  cell.s.  respectively,  were  plated  onto  25  cm- 
flasks  containing:  5-FU,  MTX,  TMQ,  5-FU  2  hr 
before  MTX  expo.sure  (5-FU/MrX),  MTX  2  hr  before 


■  5-FU  exposure  (MTX/5-FU),  5-FU  2  hr  before  TMQ 
expo.sure  (5-FU  TMQ),  TMQ  2  hr  before  5-FU  expo¬ 
sure  (TMQ/5-FU),  and  no  drugs  (control).  The  con¬ 
centrations  of  5-FU  and  TMQ,  respectively,  were  10 
jiM,  whereas  the  concentrations  of  MTX  were  10  and 
100  }i.AL  After  48-hr  incubations  in  a  humidified 
atmo.spirere  for  breast  cells  or  in  the  presence  of  5% 
COj  for  bone  marrow,  the  monolayers  were  washed 
with  phosphate  buffered  saline,  and  the  cells  were 
separated  from  the  monolayers  with  2  ml  of  0.25% 
trypsin-EDTA.  The  deasity  of  the  cells  was  deter¬ 
mined  by  microscopic  counting  of  trypan  blue  treated 
cells  in  a  hemacytometer. 

RESULTS 

Effect  of  High  (Doncsntraft'ons  of  MTX 
in  Combination  with  a  Priming 
and  Nontoxic  5-FU  Dose 

MDA-MB-436  breast  cancer  and  Hs  824.T  bone 
marrow  cells  were  exposed  to  MTX  alone  or  in  com¬ 
bination  with  5-FU  and  incubated  for  48  hr.  The  inde¬ 
pendence  of  sequence  of  administration  of  MTX  and 
5-FU  for  breast  cancer  cells  is  shown  in  Figure  1. 
When  tte  MTX  concentration  was  10  pM,  pretreat¬ 
ment  of  breast  cancer  ceUs  with  5-FU  for  2  hr  fol¬ 
lowed  by  MTX  or  MTX  for  2  hr  followed  by  5-FU 
inhibited  cellular  growth  to  a  similar  degree  as  MTX 
alone.  The  percentages  of  control  rate  for  MTX,  5- 
FU/MTX,  MrX/5-FU  are,  respectively,  22.54  ± 
1.56%,  25.60  ±  1.28%,  and  25.17  ±  1.23%.  5-FU 
alone  is  94.89  ±  1.35%  of  the  control  rate.  With  100 
pM  of  MTX.  the  percentages  of  control  rates  for 
MTX  is  16.20  ±  0.74%;  5-FU/MTX  is  16.53  ± 
0.85%;  and  MTX/5-FU  is  15.19  ±  0.62%.  5-FU  alone 
is  93.82  ±  1.69%  of  the  control  rate. 

Because  the  inhibitory  effects  of  10  pM  and  100 
pM  \rrx  alone  or  in  combination  with  5-FU  were 
10%  arid  less,  bone  marrow  cells  were  incubated 
with  10  pM  MTX  alone  or  in  combination  with  5- 
FU  (Fig.  2).  As  in  previous  studies,^  in  which  bone 
marrow  was  evaluated,  similar  Inhibitory  effects 
e.xist  between  MTX  alone  and  MTX/5-FU,  but  a  dis¬ 
similar  effect  occurs  with  5-FU/MTX.  The  combina¬ 
tion  of  5-FU  and  MTX  is  sequence  dependent  in 
bone  marrow.  5-FU/MTX  appears  to  have  a  protec¬ 
tive  effect  against  MTX  inhibition. 
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FIGURE  1 .  Dose  response  and  nonsequential  effects  of  MTX  and  5-FU  combinations  on  the  prolifera¬ 
tion  of  cultured  human  MDA-MB-436  breast  cancer  cells.  MDA-MB-436  ceils  were  exposed  to  (A)  10  fiM 
MTX  and  (B)  100  (iM  MTX  and  5-FU  alone,  5-FU  2  hr  before  MTX  (5-FU/MTX),  MTX  2  hr  before  5-FU 
(MTX/5-FU),  and  no  drugs.  Ceils  were  then  incubated  for  48  hr,  harvested,  and  counted.  Similar 
inhibitory  effects  exist  for  MTX,  5-FU/MTX,  and  MTX/5-FU  at  10  and  100  nM  MTX.  The  bars  represent 
the  mean  ±  the  standard  error  of  three  experiments. 


Comparison  of  the  Effects  of  High 
Concentrations  of  TMQ  and  MTX 
in  Combination  with  a  Priming 
and  Nontoxic  Concentration  of  5-FU 

To  ascertain  a  better  understanding  of  the  interac¬ 
tion  of  MTX  and  5-FU  in  breast  cancer  and  bone  mar¬ 
row  cells,  the  effects  of  the  nonpolyglutamyl  and  lipid 
soluble  antifolate  TMQ  were  compared  simultane¬ 
ously  to  MTX.  Figure  3  Qlustrates  (1)  the  indepen¬ 
dence  of  sequence  of  administration  of  TMQ  in 
combination  with  5-FU  and  (2)  a  decrease  in  the  inhi¬ 
bition  of  growth  rate  by  TMQ,  and  TMQ  plus  5-FU 
when  compared  to  MTX  treated  breast  cancer  cells 
alone  or  in  combination  with  5-FU.  The  cell  numbers 
for  TMQ,  TMQ/5-FU,  and  5-FU/TMQ  are  similar, 
they  were  also  similar  for  MTX.  MTX/5-FU,  and  5- 


FU/MTX.  However,  MTX  affected  cell  growth  more 
than  TMQ.  <AU#  4>  In  MDA-MB-436  cells 
exposed  to  TMQ,  the  percentages  of  control  rates  for 
TMQ,  TMQ/5-FU,  and  5-FU/rMQ  are,  respectively, 
47.81  ±  2.62%,  50.58  ±  2.23%,  and  51.68  ±  1.54%. 
For  MTX,  MTX/5-FU,  and  5-FU/MTX,  the  percent¬ 
ages  of  some  control  rates  are  22.69  ±  1.11%,  24.97 
±  0.89%,  and  25.55  ±  0.91%,  respectively.  The  mean 
cumulative  effect  of  TMQ,  TMQ/5-FU,  and  5- 
FU/TMQ  is  50.02  ±  1.24%  of  the  control  rate  and 
24.40  ±  0.63%  for  MTX,  iVnX/5-FU,  and  5- 
FU/MTX. 

Figure  4  shows  that  ( 1 )  TMQ  and  MTX  in  combi¬ 
nation  with  5-FU  are  sequence  dependent  in  bone 
marrow  and  (2)  the  results  with  <AU  #5>  TMQ  and 
MIX,  TMQ/5-FU  and  MTX/5-FU,  and  5-FUTMQ 
and  5-FU/MTX  are  similar.  The  percentages  of  con- 
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Figure  2.  Seqnence-depmcient  effects  of  methotrexate  (MTX)  and  5-fluorouracti  (5-FU) 
combinatioiis  on  the  proliferation  of  human  bone  marrow  cells.  Hs824T  human  bone  marrow 
inrabaled  with  10  pM  MIX  and  10  pM  5-Fir  alone  or  in  combinaOon  (MTX  2h  nrior 
to  5-FU  (MTO5-FU]  and  5-FU  2h  prior  to  MTX  tS-FU/MTX))  for  48  h.  Similar  inhibitor^^ 
effects  on  cell  proliferaaon  exist  for  MIX  and  MT»5-FU,  but  a  dissimilar  andproliferaiive 
effect  (significant  protection)  occurs  ftom  S-FU/MTX.  The  bare  represent  the  mean  ±  the 
Standard  error  pf  three  different  experiments. 
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Figure  3.  A  comparison  of  methotrexate  (MTX),  5-FU  2h  prior  to  MTX  (5-FU/MTX),  MTX  21i 
prior  to  5-FU  (MTX/5-FU)  to  trimetrexate  (TMQ),  5-FU  2h  prior  to  TM(2  (5-FU/TMQ),  TMQ 
2h  prior  to  5-FU  (TMQ/5-FU)  in  MDA-MB-436  breast  cancer  ceUs.  CeUs  were  incubated  with 
10  pM  MTX  and  10  pM  of  the  nonpolyglutamated-antifolate  TMQ  alone  and  in  combination 
with  10  pM  5-FU  for  48  h.  The  bars  represent  the  mean  ±  the  standard  error  of  four  different 
experiments. 
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FIGURE  4.  A  comparison  of  the  anitproliferative  effects  of  1 0  pM  methotrexate  (MTX)  and  1 0  trims- 
trexate  (TMQ)  alone  and  in  combination  with  10  pM  5-fluorouracil  (S-FU)  in  Hs824T  bone  marrow.  Bone 
marrow  incubated  with  MTX,  5-FU  2  h  prior  to  MTX  (MTX/5-FU)  and  5-FU  2  h  prior  MTX  (5-FU/MTX)  for 
48  h  are  compared  to  TMQ,  TMQ  2  h  prior  to  5  to  5-FU  {TMQ/5-FU)  and  5-FU  2h  prior  to  TMQ  (5- 
FU/TMQ).  Note  the  smilarities  between  a)  MTX  and  TMQ,  b)  MTX/5-FU  and  TMQ/5-FU,  and  c)  5- 
FU/MTX  and  5/FU/TMQ.The  bars  represent  the  mean  ±  the  standard  error  of  four  different  experiments. 


trol  rates  are  (1)  30.12  ±  4.77%  and  30.71  ±  2.39% 
for  TMQ  and  MTX;  (2)  26.86  ±  5.03%  and  30.59  ± 
1.49%  for  TMQ/5-FU  and  MTX/5-FU;  and  (3)  63.17 
±  1.23%  and  77.93  ±  5.51%  for  5-FU/rMQ  and  5- 
FTJ/MTX.  The  inhibitory  effects  of  TMQ,  MTX, 
TMQ/5-FU,  and  MTX/5-FU  are  also  similar;  and  pro¬ 
tection  of  growth  inhibition  by  TMQ  and  MTX  occurs 
when  5-FU  precedes  administration  of  TMQ  or  MTX. 

The  similar  effects  of  TMQ  and  MTX  suggest 
that  they  interact  with  the  same  target  site,  and  MTX 
polyglutamates  (MTXPGs)  play  no  significant  role  in 
bone  marrow. 


DISCUSSION 

The  assumption  that  there  is  a  lack  of  efficacy  of 
regimens  in  which  MTX  follows  5-FU  may  not  be 
valid.  The  therapeutic  effect  and  the  quality  of  life 
may  even  be  enhanced  when  using  regimens  in  which 
high-dose  MTX  follows  a  priming  and  nontoxic  5-FU 
dose.  A  priming  and  nontoxic  concentration  of  5-FU 
provided  protection  in  bone  marrow  cells  where  the 
MTX  concentration  (10  pM)  was  10  times  that 


required  for  leucovorin  rescue.  (However,  no  protec¬ 
tion  was  provided  in  breast  cancer  cells.)  In  MDA- 
MB-436  breast  cancer  ceils,  the  inhibitory  effect 
when  5-FU  preceded  MTX  was  not  significantly  dif¬ 
ferent  from  MTX  alone  or  when  MTX  preceded  5- 
FU.  Previous  studies  from  this  laboratory  reported 
similar  effects  in  MCF-7  breast  cancer  cells.^  Hence, 
a  therapeutic  gain  should  be  realized  by  giving  a 
priming  and  nontoxic  5-FU  dose  with  high-dose 
MTX.  Protection  against  MTX  toxicity  should  occur 
in  bone  marrow,  but  MTX  cytotoxicity  should  be 
enhanced  in  breast  cancer. 

This  study  suggests  that  the  severity  or  cytotoxic¬ 
ity  of  MTX  and  5-FU  combinations  in  breast  cancer 
cells  is  best  related  to  a  high-concentration  of  ^^^X. 
The  maximal  achievable  MTX  concentration  appears 
to  be  100  pM,  where  the  threshold  level  for  maximum 
inhibition  in  breast  cancer  is  10  pM.  The  difference  in 
the  inhibitory  effects  in  10  pM  and  100  pM  MTX 
treated  cancer  cells  is  less  than  10%. 

Biomoduiation  only  occurs  in  bone  marrow  and 
not  in  breast  cancer,  when  5-FU  precedes  a  high-con- 
centration  of  MTX.  The  difference  in  biomoduiation  in 
bone  marrow  and  cancer  cells  may  result  from  conser- 
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vation  of  reduced  folates  and  formation  of  MTXPGs.^"^ 
Previously,  we  reported  that  the  basal  rate  of  thymidy- 
late  synthesis  affects  the  inhibitory  action  of  MTX  on 
DNA,  RNA,  protein  synthesis  by  controlling  the  avail¬ 
ability  of  reduced-folates  for  purine,  and  amino  acid 
synthesis The  basis  for  these  findings  was 
attributed  to  5-FU  conversion  to  5-FdUMP,  which 
inhibited  thymidylate  synthase,  thus  preventing  the 
depletion  of  cellular  THF  <Aa  #6>  cofactors  upon 
the  subsequent  addition  of  MTX.  Consequently,  5- 
methyltetrahydrofolate  will  be  utilized  fta*  methionine 
and  5-fonnyitetrahydrofoIate  for  purine  biosyndiesis 
and  allow  for  the  continuance  of  THF  production. 
The  lack  of  protecticn  against  MTX  cytotoxicity  in 
breast  cancer  cells  may  be  the  result  of  the  levels  of 
reduced-folates  necess^  to  prevent  the  inhibitoiy 
actions  of  MTX  and  MTXPGs.  The  formation  of 
MTXPGs  from  MTX  in  human  breast  cancer  cells^"^ 
allows  for  the  inhibition  of  dihydrofblate  reductase, 
thymidylate  synthase,  and  foimylglydnamide  ribonu¬ 
cleotide  and  aminoimidazolecarboxamide  transfonny- 
lases,  which  are  not  affected  directly  by  MTX.^  Bone 
marrow  forms  little  or  no  MTXPGs  when  exposed  to 
MTX,^^'^^  and,  therefore,  certain  folate-iequiring 
enzymes  are  not  inhibited  due  to  the  absence  or  very 
low  levels  of  MTXPGs. 

To  address  the  problem  that  differential  effects 
observed  in  this  study  may  be  attributed  to  MTXPGs, 
a  comparison  of  the  nonpolyglutamated  antifolate 
TMQ  and  MTX  revealed  that  a  priming  and  nontoxic 
5-FU  dose  protected  significandy  against  the  cytotox¬ 
icity  of  TMQ  and  MTX.  It  is  noteworthy  that  the 
effects  of  TMQ  and  MTX  alone  or  in  combination 
with  5-FU  are  similar  in  bone  marrow.  Computer 
analyses  from  this  laboratory  indicate  that  the  TMQ 
complex  with  DHFR  is  equally  stable  to  MTX  but 
less  stabile  than  MTXtriglutamate  (unpublished 
results).  Hence,  the  similar  inhibitory  effects  of  TMQ 
and  MTX  alone  or  in  combinations  with  5-FU  suggest 
that  MTXPGs  are  not  critical  determinants  in  cytotox¬ 
icity  to  bone  maaow.  A  comparison  of  TMQ  and 
MTX  revealed  that  MTX  cytotoxicity  exceeds  that  of 
TMQ  by  more  than  20%  in  breast  cancer  cells. 

Finally,  these  studies  raise  a  new  element  in  the 
potential  of  high-dose  MTX  in  the  treatment  of  breast 
cancer  when  preceded  by  nontoxic  5-FU.  If  it  is  true 
that  MTX  behaves  as  two  different  drugs  in  breast 
cancer  and  as  a  single  agent  in  bone  marrow,  the  fol¬ 


lowing  may  be  predicted  from  our  in  vitro  data:  5-FU 
before  MTX  should  be  more  efficacious  than  MTX 
before  5-FU. 
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f  TrmVITY  OF  fflGH-DOSE  METHOTREXATE  IN  HUMAN  BREAST 
^CER  AND  BONE  MARROW  CELLS 
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of  Phannacology,  Biochemistry  and  Molecular  Biology,  M^crobmlo^  and 

D.C.2005, 
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auctrACT-  High-doses  of  methotrexate  (MTX),  10  and  100  gM,  and  S-fluorouracU  (5- 

^inations  are  independent  2oTo  W 

^lls  The  inhibitory  effects  of  10  and  100  pMMTX  are  22.54  ±  1.56  /o  md  . 

fjLectively  of  Ae  control  rate.  When  the  MTX  and  5-FU  doses  are  10  pM,  MlM 

’  •nrSFuWx/5-FU)  and  5-FU  2h  prior  to  MTX  (5-FUMn9  antiproliferative  effects 
25  17  ±  1  23  %  and  25  60  ±  1.28  %  of  the  control  rate,  respectively.  The  percale  of 
*  -rlVs  HI  ione  is  94  89  ±  1  35  %.  The  growth  rates  of  MDA-MB-436  cells 
“ron  M  T^ld^  S-ro  are  15.19  ±  0.62  -/o  (^5-FU)  and  16.53  ±  0.85  -/o  (5- 
of  control  rate.  The  growth  of  cancer  «Us  in  the  presence 
1 1  69  %  of  the  control  rate.  In  Hs824.T  human  bone  marrow  ceUs,  10  alone  or 

MTX  and  the  nonpolyglutamable  antifolate  trimetrexate  (TMQ)  alone  and  m  rombi^on 
with  5-FU  was  made  in  an  attempt  to  indirectly  explore  the 

cancer  and  bone  marrow  cells.  The  comparisons  were  made  m  ^uitoxic  ° 

(10  iiM)  of  MTX  and  TMQ  and  the  time  of  exposure  was  the  same.  The  degrw  of 
•  +  TMO/5-FU  and  5-FU/TMQ  in  breast  cancer  cells  was  identical,  but 

mteracnon  of  TMQ,  aim  5  The  interaction  between  TMQ  and 

inbonemmow.  Asarewltofthe»iineiiiler«*>iisof5-FWMIXaiii5|rortWM^ 

marrow  it  is  unlikely  that  polyglutamylation  plays  a  sign^cant 

inhibitory  effect  of  MTX  ofMTX  or  MTX  and  5-FU  combination  when 

or  TMQ  and  5-FU  suggests  that  polyglutamylation  may  be  ^ 

in  breast  cancer  Hence,  these  studies  suggest  that  a  pnmmg-and  nontoxic  5-FU  doM  m 

romi^'th  high-dose  MDC  a)  enhances  MIX  cytotoxicity  in  br^  cancer  and  b) 

simultaneously  protects  against  MTX  toxicity  to  bone  marrow  and  platelets. 
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arsTRACT:  High-doses  of  methotrexate  (MTX),  10  and  100  ^M,  and  5-fluorouracil  (5- 
Fin  combinations  are  independent  of  sequence  in  human  MDA-MB-436  br^  (wcinoma 
S."Sre^bitoty  effeS  of  10  and  100  .M 1^  are  22^54  ±  1.56  %  »d  16.2^.74 
rrespectively,  of  the  control  rate.  When  the  MTX  and  5-FU  doses  are  10  pM,  MTX  2h 

LrtosWfMTX/S-FU)  and  5-FU2hpriortoMTX(5-FU/MTX)antiproliferat>ve  effects 

Ire  25  17  ±  1.23  %  and  25.60  ±  1.28  %  of  the  control  rate,  respectively.  The  percentage  of 
f^ntToI  rates  is  for  5-FU  alone  is  94.89  ±  1.35  %.  The  growth  rates  of  MDA-MB-436  cells 
S';SSSwnM5-FU».15.I9*0.62%(MrX/5.FU)«,dl6^53*^ 

FU/MTX)  of  control  rate.  The  growth  of  cancer  ceUs  in  the  presence  of  5-FU  ^e  is  93 . 82 
±  1  69  %  of  the  control  rate.  InHs824.T  human  bone  marrow  ceUs,  10  alone  or 

in  combinations  with  10  pM  5-FU  gave  growth  rates  of  a)  32.^  1 .94  %  for  29^1^9 

±  0  69  %  for  MTX/5-FU,  and  c)  77.24  ±  7.34  %  for  5-FU/MTX  (a  protective  effect)  of  tiie 
control  rate.  5-FU  alone  is  90.42  ±  3.57  %  of  the  control  rate  for  bone  m^w^Si^ax 
patterns  to  bone  marrow  emerges  in  platelets.  A  comparison  of  the  ceU  kdhng  effects  of 
MTX  and  the  nonpolyglutamable  antifolate  trimetrexate  (TMQ)  alone  and  m  <»mbiMtion 
vdth  5-FU  was  made  in  an  attempt  to  indirectly  explore  the  role  of  polyglutamylahon  m  breast 
cancer  and  bone  marrow  cells.  The  comparisons  were  made  in  equitoxic  concenb^ons  of 
(10  uM)  of  MTX  and  TMQ  and  the  time  of  exposure  was  the  same.  The  degrw  or 
interaction  of  TMQ,  TMQ/5-FU,  and  5-FU/TMQ  in  breast  cancer  ceUs  was  ide^c^  but 
significantly  lessthanMTX,  MTX/5-FU,and  5-FU/MTX.  The  interaction  between  mQ  and 
NCTX,  TMQ/5-FU  and  MTX/5-FU,  5-FU/TMQ  and  5-FU/MTX  was  quantit^ety  si^ar 
in  bone  marrow.  As  a  result  of  the  same  interactions  of  5-FU/MTX  and  5-FU/TMQ  m  bone 
marrow  it  is  unlikely  that  polyghitamylation  plays  a  significant  role.  However,  gr^tw 
inhibitory  effect  of  MTX  of  MTX  or  MTX  and  5-FU  combinations  whm  coined  to  TMQ 
or  TMQ  and  5-FU  suggests  that  polyglutamylation  may  be  important  for  MTX  i^otoxicity 
in  breast  cancer.  Hence,  these  stucfies  suggest  that  a  priming-and  nontoxic  5-FU  dose  m 
combination  with  high-dose  MTX  a)  enhances  MTX  cytotoxicity  in  br^  cancer  and  b) 
simultaneously  protects  against  MTX  toxidty  to  bone  marrow  and  platelets. 
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